Two experiments were conducted to evaluate the effect of testosterone on growth and composition of cattle. In the first experiment, crossbred yearling heifers (n = 48) were assigned to four treatments: 1) control (no implant), 2) Synovex-H implants on d 1 and 84, 3) one testosterone propionate implant administered on d 1 and a second on d 84 and 4) two testosterone propionate implants administered on d 1. Heifers were fed a high-energy diet for the 157-d study. Implanting with the high-testosterone treatment improved (P < .05) daily gain and feed efficiency compared with the other treatments. Marbling score was reduced (P < .05) with the high-testosterone treatment. In Exp. 2, mature cows (n = 36) were assigned to one of three feeding periods (0, 42, or 84 d) with the cows fed 42 or 84 d subdivided into two groups (implanted with testosterone propionate or nonimplanted control). Cows were fed a high-energy diet and slaughtered at the end of each feeding period. Testosterone did not influence (P > .05) feedlot performance. Increased time on feed reduced (P < .01) dally gain (live weight basis) and feed efficiency but did not influence feed intake. Testosterone treatment had little influence on the fat and moisture contents of the carcass soft tissue or on the palatability characteristics of loin steaks. Time on feed increased lean muscle mass and carcass fat (P < .05). Sensory traits were improved at 42 d on feed (P < .05), but no further sensory improvement was observed at 84 d. In summary, testosterone propionate improved the performance of heifers but not of cows.
Introduction
The efficient production of lean, wholesome, palatable and nutritious beef products will determine the future of the beef induslry. Several reviews (Bauman et al., 1982; Davis et al., 1984; Etherton and Kensinger, 1984; Schanbacher, 1984; Unruh, 1986) have shown the benefit, roles and relationships of several hormones involved in growth of meat animals. Much of this work has been with young animals; however, there is the potential of improved growth rate and carcass composition using these compounds in mature animals (Um'uh, 1986) . Compounds that improve performance or alter composition of gain could improve the economics of feeding cows dramatically. Price and Makarecian (1982) implanted with zeranol and found an 8% improvement in efficiency of heifers, but no effect was observed with cows. Matulis et al. (1987) also observed no improvement in performance due to anabolic compounds. Evaluation of alternate compounds for mature cows is needed.
Androgen (trenbolone acetate) treatment of heifers has improved both growth rate and feed efficiency (Galbraith, 1980; Henricks et al., 1982; Bouffault and Willemart, 1983) . Evaluation of efficacy of other androgens may be important. These compounds should be evaluated in both young and old animals to determine whether their benefits are agedependent. These studies were conducted to evaluate the effects on growth and composition of implanting heifers and mature cows with testosterone propionate (androgen ester). In the heifer study, we also wanted to compare the effects of testosterone propionate with those of a commercially available compound. Effects of testosterone on muscle characteristics and palatability characteristics of mature beef cows also were evaluated.
Materials and Methods
Testosterone propionate implants used in Exp. 1 and 2 were prepared as described by Kesler (1987) . Implants were made of medical grade silastic tubing 2 with an inside diameter of .635 cm and an outside diameter of .953 cm. The daily release rate of compound from full implants previously was determined to be .63 mg/cm in length (Kesler, 1987) Heifers were adapted to Pinpointer 4000B Feeders 4 prior to the part of the study so that feed could be measured individually. They were penned within treatment group in groups of 12 with one pen per treatment and were rotated among pens at 28-d intervals to reduce effects due to pinpointer machine and pen. Diets were 40% roughage for the first 28 d, 25% roughage for the second 28 d, and 17% roughage for the remainder of the study (Table  1 ). All the diets were completely mixed and balanced to meet or exceed NRC (1984) requirements for an ADG of 1.1 kg.
At the conclusion of the study (d 122), the heifers were weighed full on two consecutive days. After 35 d with no implants, all heifers were slaughtered in a commercial processing facility. At 24 h postmortem, carcasses were evaluated for quality and yield grade traits (USDA, 1975) by University of Illinois personnel.
Data were evaluated using a completely randomized design with four treatments. The General Linear Model, least-squares means and probability of difference procedures of SAS (1982) prior to the study. This explains their thin condition.
Cows were assigned randomly to nine groups of four animals each. One group was slaughtered at the onset of the study to obtain baseline data. The remaining eight groups were assigned randomly to two treatments, a control group or a group implanted with 30 cm of testosterone propionate implants, and fed for two lengths of time, 42 and 84 d. This resulted in a 2 x 2 factorial arrangement of treatments with two pens of four animals per treatment. They had ad libitum access to a completely mixed 50% roughage diet for the first 7 d, a 35% roughage diet for the second 7 d, a 25% roughage diet for the third 7 d and a 15% roughage diet for the remainder of the trial (Table 2 ). All diets were balanced to meet or exceed NRC (1984) requirements for an ADG of 1.1 kg.
Cows were adapted for 7 d to the initial diet. Cows then were weighed full on two consecutive days at the start, at d 42 and at d 84 of the trial to determine gain. Implants were removed 7 d prior to slaughter at the University of Illinois Meat Science Laboratory. During the slaughtering-dressing procedure, liver and hot carcass weights were recorded for each animal. At 24 h postmortem, left sides were ribbed and USDA yield and quality 5Campbell Scientific, Inc., Logan, UT. 6Model 1122, Instron Corporation, Park Ridge, IL.
grades (USDA, 1975) were determined by University of Illinois personnel. A 15-cm sample of the longissimus muscle was removed from the right side immediately posterior to the ribbed surface at the 12th rib at 24 h postmortem and frozen (-20~ At approximately 72 h postmortem, each left side was boned completely without separating lean from fat (carcass soft tissue), and bone yields were recorded. Kidney, pelvic and heart fat (KPH) were included in the soft tissue of the carcass. During the boning process, the semitendinosus and biceps femoris muscles were removed carefully and trimmed of all extemal fat, and their individual weights were recorded. After bone yields were recorded, carcass soft tissue from each side was ground three times and minced thoroughly, and a 5-kg random sample was obtained. This sample was ground finely and subsampled for moisture (100*C for 24 h) and fat (repetitive washes of warm chloroform:methanol) determinations using procedures described by Riss et al., (1983) .
The frozen longissimus muscle section was held (-20~ for approximately 2 mo. Frozen sections were cut into six steaks (2.5 cm thick) and wrapped individually. Two steaks were used for Wamer-Bratzler shear force determination. Steaks were thawed (24 h at 4~ and cooked to an internal temperature of 70"C (AMSA, 1978) on a Farberware open-hearth grill monitored by copper constantan thermocouples and a CS $250 Relay Scanner 5. Cooking loss was determined by comparing weights of steaks before and after cooking. After steaks cooled to room temperature, a minimum of eight core samples were removed and sheared using an Instron Universal Testing Machine 6 fitted with a Warner-Bratzler shear device. aDry matter basis. Ixxlvalues in a row not having a common superscript differ (P < .05).
Two steaks for sensory panel evaluation were prepared in the same manner and served warm to a six-member, experienced sensory panel. Evaluations were made on a continuous 15-point scale for overall tenderness, juiciness, beef flavor intensity, off-flavor intensity and overall desirability (15 = extremely juicy, tender, desirable, flavorful or no off-flavor; 0 = extremely dry, tough, undesirable, bland or extreme off-flavor).
The remaining two steaks were trimmed of all s.c. fat and epimysial connective tissue and were homogenized in a food processor. Sampies of the longissimus were evaluated for moisture and fat using procedures described previously.
Data were initially evaluated using a factorial analysis with pen as the experimental unit. Main effects of implanting and time on feed (42 and 84 d) were evaluated using the General Linear Model procedure, least squares means and the probability of difference procedure of SAS (1982) . The model statement included time on feed, implanting, and interaction of time on feed and implanting as the independent variables, with the remainder used as the residual error term. Because no interactions were observed (P > .23), the effects of time on feed were reanalyzed including the initial slaughter group. The model statement included time on feed and implanting as the independent variables with the remainder used as the residual error term.
Results and Discussion
Daily gains of heifers (Exp. 1) was improved on both d 84 and d 157 (P < .05) by implanting with the high level of testosterone at the start of the study (Table 3) . Feed efficiency also was improved (P < .05) on the high-testosterone treatment. In this study, using two implants at the start was superior to using one at the start and one at 84 d. The response to testosterone propionate in this study is similar in magnitude to the response to trenbolone acetate (Gaibraith, 1980; Henricks et al., 1982; Bouffault and Willemart, 1983) . The blood level of testosterone propionate on the high treatment with similar cows (Kesler, 1987 ) was similar to the blood level of trenbolone acetate (Istasse et al., 1988) . In both be'rime on feed values in a row not having a common superscripts differ (P < .01).
studies the compound levels were about 1 lxg/ liter. Carcass characteristics of the heifers are given in Table 4 . No differences (P > .05) were observed for any of the carcass characteristics except for marbling score, although ribeye area tended to be greater with the high level of testosterone. Carcass composition has been similar for implanted and control heifers in previous work (Hendricks et al., 1982) . The 35-d implant withdrawal period may have removed differences in carcass composition at slaughter. A similar reduction in marbling score has been observed in steers implanted with trenbolone acetate (Brethour, 1985) .
Feedlot performance of the cows (Exp. 2) is shown in Table 5 . Only main effects are reported because there were no interactions (P > .23). Testosterone treatment did not influence cow performance as it had influenced heifer performance. This is similar to the observation of Price and Makarecian (1982) . They observed no effect of zeranol on mature cows but an 8% (nonsignificant) improvement with heifers. Lack of response to steroid implantation by mature animals has been observed by others (Matulis et al., 1987; Jones, 1982) . Daily gain decreased and feed efficiency was poorer (P < . Feed conversions were similar to those reported by Swingle et al. (1979) but were better than those reported by Matulis et al. (1987) . Less time and fewer diets used by Matulis et al. (1987) , when adapting cattle to the finish- devalues in a row within testosterone or time on feed treatments not having a common superscript differ (P < .05). ac maturity = 300-399, D maturity = 400-499, E maturity = 500-599. bCutter = 200-299, Utility = 300-399, Commercial = 400--499. CTraces = 200-299, Slight = 300-399. defvalues in a row within testosterone or time on feed treamaents not having a common superscript differ (P < .05).
ing diet, may have contributed to subacute acidosis and thus to the difference in response. Carcass characteristics and organ weights are given in Tables 6 and 7 . The reduction (P < ,05) in semitendinosus weight due to testosterone treatment may be due to chance because no differences were observed in biceps weight or ribeye area. Testosterone treatment did not influence fat thickness, but it did increase (P < .05) KPH fat. The overall lack of change in carcass characteristics may be expected based on the animal performance and the findings of Matulis et al. (1987) . The trend for increased ribeye area from the heifer study was not observed in the cow study.
Time on feed had dramatic effects on cow carcass composition (Table 7) . Carcass weight, biceps weight, semitendinosus weight, fat thickness, KPH fat, yield grade and marbling score increased (P < .05) with time on feed. The magnitude of the increases was similar to those reported by Wooten et al. (1979) , Jones and Macleod (1981) , Graham and Price (1982) and Matulis et al. (1987) for most traits. Ribeye area increased and lean maturity was improved (P < .05) at 42 d on feed, but no further improvement was observed at 84 d on feed. Matulis et al. (1987) observed similar effects on ribeye area and lean maturity. They also found a decrease in meat pigment concentration. This may explain some of the difference in lean maturity observed in this study.
Cutting yields and tissue composition of the cows are shown in Tables 8  and 9 . Testosterone treatment did not influence proximate composition. However, time on feed did influence proximate composition (P < .05). The initial soft tissue fat content of 9.0% is indicative of the nutritional state of the cows at the start of the experiment. Soft tissue weight increased (P < .05) with each feeding period, Swingle et al. (1979) noted that 51.7% of the weight gain of cows fed 63 d was lipid and 13 and 35.3% of the gain was protein and moisture, respectively. Matulis et al. (1987) found that 56% of the 43.4-kg increase in soft tissue weight was lipid in cows fed for 84 d.
Soft tissue percent water decreased (P < .05) and soft tissue fat increased (P < .05) with time on feed (Table 10) . A similar response was observed with the longissimus muscle. Because longissimus fat more than doubled, presumably this contributed greatly to the increase of marbling noted previously.
Testosterone influenced palatability traits slightly but had no effect on cooking loss or Warner-Bratzler shear values (Table 10) . Juiciness, beef flavor intensity, overall desirability, and Warner-Bratzler shear were more desirable (P < .05) at 42 d than at 0 d (Table 11) . No further benefit was observed in the cows fed for 84 d. Dryden et al. (1979) observed similar trends in quality. The Warner-Bratzler shear results are similar to those observed by Matulis et al. (1987) .
Sensory scores for juiciness, tenderness, off-flavor intensity and overall desirability tended to be higher for testosterone-treated animals (P < .10); however, the data were not consistent enough to result in statistical differences. These differences are consistent with trends toward increased longissimus fat content and decreased Warner-Bratzler shear values.
Based on daily gain, feed efficiency, carcass characteristics and palatability u~its, it appears that thin (8% carcass fat), mature AngusHereford cows can be fed for less than 84 d on a high-energy diet. In this study, cows fed 42 d were equal or superior to those fed 84 d in most palatability traits. Although ADG on a live basis decreased during the second 42 d on feed, carcass weight gain was similar the first and second 42 d. Hence, time on feed may depend on desired composition and selling procedure (live vs grade and yield).
The high-testosterone treatment was effective in improving ADG and feed/gain of al5-point scale: 15 = extremely juicy, tender, desirable, flavorful, no off-flavor; 0 = extremely dry, tough, undesirable, bland, extreme off-flavor.
bCValues in a row not having a common superscript differ (P < .05). 
